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Even though the persistence length LP of double-stranded DNA plays a pivotal role in cell biology
and nanotechnologies, its dependence on ionic strength I lacks a consensual description. Using
a high-throughput single-molecule technique and statistical physics modeling, we measure LP in
presence of monovalent (Li+, Na+, K+) and divalent (Mg2+, Ca2+) metallic and alkyl ammonium
ions, over a large range 0.5 mM ≤ I ≤ 5 M. We show that linear Debye-Hu¨ckel-type theories do
not describe even part of these data. By contrast, the Netz-Orland and Trizac-Shen formulas, two
approximate theories including non-linear electrostatic effects and the finite DNA radius, fit our data
with divalent and monovalent ions, respectively, over the whole I range. Furthermore the metallic
ion type does not influence LP (I), in contrast to alkyl ammonium monovalent ions at high I.
The experimental and theoretical study of polyelec-
trolyte stiffness has been an active field of research in
the last 40 years [1–8] because its potential implications
in biology, biophysics, and biotechnologies are tremen-
dous. The diverse ionic conditions existing in the intra-
cellular surroundings, in terms of both ionic strength and
ion species [9–11], impact most of the biological macro-
molecules, particularly the double-stranded DNA (ds-
DNA), which bears one of the highest negative linear den-
sity of charges among biopolymers (2 e− per base-pair).
In nanotechnological applications, salt conditions deter-
mine the capacity of self-assembling of single stranded
DNA as well as the mechanical properties of the result-
ing nanostructures [12, 13], e.g., DNA origami [14–17] or
aptamers [18]. Even though various fields of science are
concerned, how ionic conditions influence dsDNA stiff-
ness remains controversial from a physical perspective.
Stiffness is quantified by the bending persistence length,
LP , the tangent-tangent correlation length, which has
two contributions: a bare one, L0P = K/(kBT ), related to
the bending modulus K [19], and an electrostatic one as-
sociated with electrostatic repulsion within the polyelec-
trolyte, which is partially screened as its surrounding is
enriched in counterions. As a result, LP decreases when
ion concentration grows; however, strong discrepancies
exist between various experimental results obtained with
different techniques [20, 21], notably in force-free condi-
tions [20] or in stretching experiments [7, 22]. Further-
more, as discussed below, theoretical approaches struggle
with providing a consensual frame embracing the whole
range of ionic conditions.
Accurate experimental quantifications of these LP
changes are indeed non-trivial as the data analysis is not
usually straightforward [20]. Recently, we have estab-
lished a methodology based on high-throughput tethered
particle motion (HT-TPM, see Fig. 1A), in which a high
density of individual dsDNA molecules are tethered to
a micro-patterned surface by one of their extremities,
while the other one is labeled with a sub-micrometer-
sized nanoparticle (see Supplemental Material SM) [23].
Tracking the nanoparticles thus allows us the monitoring
of the conformational dynamics of single dsDNA in al-
most force-free conditions [24]. Following a procedure of
analysis based on statistical physics modeling, we estab-
lished a rigorous method to retrieve LP from the r.m.s.
of the projected end-to-end distance of the tethered par-
ticles, Rexp‖ [25], and quantify its decrease as a function
of the ionic strength I = 12
∑
i z
2
i ci with zi the valence
(in units of the elementary charge e) and ci the concen-
tration of ion i (see Fig. 1).
From a theoretical perspective, the popular Odijk-
Skolnick-Fixman (OSF) model [1, 2] assimilates the poly-
electrolyte to an infinitely thin and rigid rod with a uni-
form linear density of charges A−1 (= 6 e/nm for dsDNA
where e is the elementary charge). The mobile ions, re-
garded as point-like, organize in space according to the
Boltzmann distribution, where the electrostatic poten-
tial is determined by linearizing the mean-field Poisson-
Boltzmann (PB) equation, in the Debye-Hu¨ckel approx-
imation valid for low electrostatic potentials. The OSF
theory leads to
LP = L
0
P +
`B
4A2κ2
, (1)
where κ = (8pi`BI)
1/2 is the Debye parameter, `B =
e2/(4piεkBT ) ' 0.7 nm at 20◦C in water is the Bjer-
rum length. Due to the hypothesis of low electrostatic
potential, OSF theory is only valid for high I, typically
above 0.1 M. At low I, a correction to the OSF model
was proposed by Manning [3], where part of the ions con-
dense along the DNA so that the distance between the
unscreened DNA elementary charges increases up to z`B.
The resulting OSFM model leads to
LP (I) = L
0
P + α
2(z)
`B
4A2κ2
(2)
where the effective fraction of charges along the DNA α =
A/(z`B) depends on z. In order to embrace the whole
range of I explored experimentally, a model developed by
Netz and Orland (NO) [26] and adapted in [20], is based
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FIG. 1: (A) Sketch of the Tethered Particle Motion set-up. The measured quantity is Rexp||. Right: Influence of the ionic
strength on the mean persistence length of a 1201 bp DNA for (B) monovalent and (C) divalent cations.
on a variational approximation of the full PB equation.
This NO theory leads to a more complicated effective
charge α(z, κRDNA) that depends on the DNA radius,
RDNA, and grows with I. Finally, in 2016, Trizac and
Shen (TS) corrected the OSFM formula by taking into
account the first term in an expansion in κRDNAof the
electrostatic potential, and interpolating between exact
solutions of the PB equation (in the limits of zero and
high salt) for the effective charge of the DNA, ξeff , that
also varies with κRDNA [27]. Valid only for monovalent
ions, it yields the same form as Eq. (2) with α replaced
by α = Aξeff`B (1 + κRDNA)
1/2. Hence, the TS formula
differs from the NO one by the corrective term and the
expression of the effective charge (computed variationally
in the NO approach).
In Ref. [20], data were obtained following this HT-
TPM procedure with Na+ and Mg2+ ranging from
10 mM to 3 M and 0.3 M, respectively. The first 3 models
were used to fit the data. The OSF and OSFM models
could not account quantitatively for the whole experi-
mental data set obtained with Na+ or Mg2+. For the
range of I studied, a reasonable scaling interpolation of
the NO factor was α ∝ (κRDNA)β(z) where β(z) is an
effective exponent. The NO approach could then fit the
Mg2+ data only, while the Manning stretching model [28],
which incorporates the internal stretching of the polymer
modified by ion screening, succeeded in fitting the Na+
data only.
In this Letter, challenging further the existing theories
predicting LP (I), we examine a 1201 bp dsDNA (i) on an
extended range of I down to 0.5 mM and up to 6 M (un-
der well-controlled pH comprised between 7 and 7.3) and
(ii) with a variety of ions with different ion-specific char-
acteristics (such as radius or hydrophobicity), neglected
in all the existing theories [29] (see Fig. 1). We took
much care to evaluate the influence of a large set of bio-
logically and biotechnologically relevant ions: Li+, Na+,
K+, tetramethyl ammonium TMA+, tetraethyl ammo-
nium TEA+, Mg2+, Ca2+, putrescine Put2+ (see SM Ta-
ble 1). We confirm that neither the OSF theory nor its
Manning refinement (OSFM) describe even part of the
data. By contrast, the NO model and the TS one are
shown to fit accurately the data obtained with the cho-
sen divalent and monovalent ions respectively and up to
I = 1 M, with reasonable values for the fitting param-
eters L0P and RDNA. We therefore demonstrate in this
work that the radii of metallic ions do not influence LP
except in the case of large alkyl ammonium monovalent
ions, for which a distinct L0P at high salt is obtained.
To explore the influence of ions with this extended
range of I on Rexp||, we thoroughly considered the buffer
composition and the influence of pH, which is often ne-
glected. We became aware that, even at the usual concen-
tration of phosphate buffer, pH decreased when ions were
added (see SM). This occurred moderately for monova-
lent ions but quite dramatically for divalent ions (for
I > 0.5 M). Consequently, instead of using a phosphate
buffer, we chose an HEPES buffer at 1 mM pH 7.4, de-
noted zero-salt buffer (with a minimum ionic strength of
0.5 mM). Using it pH is maintained between 7 and 7.3.
The results obtained in presence of Na+ do not exhibit
any fall at high I, as seen in Ref. [20]; similarly, those ob-
tained in presence of Mg2+ show a much less pronounced
slope. This slower decrease in Rexp|| at high I is clearly
correlated with the improved pH stabilization obtained
in 1 mM HEPES buffer, as we experimentally confirmed
that acidic pH negatively affected Rexp||.
We then supplemented the zero-salt-buffer with mono-
valent metallic ions Li+, Na+, K+ (ionic radii ranging
from 0.071 to 0.141 nm), and divalent metallic ions Mg2+
and Ca2+ (ionic radii of 0.070 and 0.103 nm, see SM Ta-
ble 1). When I increases from 0.5 mM to 3 M, Rexp‖ de-
creases by about 20% for both type of metallic ions (SM
Fig. 2). We notice a faster decrease for divalent ions. In
order to consider much larger ions, we carried out exper-
iments with three polyamines TMA+, TEA+, and Put2+
(an essential metabolite of many living organisms, e.g.,
found at high concentration in E. coli [30]). TMA+ and
TEA+ have radii 3 to 4 times larger than those of the cho-
sen metallic monovalent ions. Put2+ size has not been
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FIG. 2: Ionic strength dependence of LP for monovalent (top, red) and divalent (bottom, blue) ions with fitting curves
corresponding to OSF (LP (I) = L
0
P + 0.559/I, where I is expressed in mol/L and LP in nm; black line), OSFM (black dashed
line), NO (dashed lines) and TS (solid lines) theories. Insets are zooms on the high I region. For monovalent ions, the NO model
leads to LP = L
0
P+CR
0.490
DNA I
−0.755 considering that α = 0.635(κRDNA)0.245 when 0.2 ≤ κRDNA)0.245 ≤ 1.5, i.e. 4 ≤ I ≤ 208 mM
for RDNA = 1 nm. For divalent ions, it leads to LP = L
0
P + C
′R0.728DNA I
−0.636 considering that α = 0.423(κRDNA)0.364 when
0.2 ≤ κRDNA)0.245 ≤ 2.5, i.e. 4 ≤ I ≤ 577 mM.
characterized yet; however, its radius likely exceeds that
of the metallic ions. Surprisingly, in the case of divalent
ions, Rexp‖ values are extremely similar for both metallic
ions and Put2+. In presence of TMA+ and TEA+, they
are significantly higher than those obtained with metallic
monovalent ions.
From Rexp‖, we extracted LP using calibration curves
obtained by exact sampling simulation based on a sta-
tistical physics model of DNA [20]. As expected, LP
decreases much faster when I increases in presence of
divalent ions than in presence of monovalent ions. Unex-
pectedly, the data superimpose on a unique curve for the
three divalent ions (Fig. 1C) but not for the five mono-
valent ones (Fig. 1B). In addition, LP reaches a plateau
above I ≈ 50 mM for the divalent ions while, in the
case of monovalent ions, only a shoulder at I ≈ 200 mM
can be detected within the continuously decreasing curve.
Molecular dynamics simulations examining the role of
Na+ identified a similar transitory plateau followed by
a fall at high salt (SM Fig. 5) [21, 31]. Moreover, we
have measured that in the presence of monovalent ions
at I ≈ 150 mM, adding even only 1 mM divalent ions
leads to a significant decrease of ≈ 6 nm in LP (SM
Fig. 4). This demonstrates an additive effect of mono-
valent and divalent ions at these biologically relevant ion
concentrations.
To determine which theory best describes our exper-
imental results, we performed fits with four equations
corresponding to the OSF, OSFM, NO and TS models.
The fitting curves are displayed in detail in Fig. 2 and in
SM (fit parameters are given in SM Tables 2 and 3). For
I ≥ 100 mM, we fitted the data with the OSF formula
that predicts a saturation at high salt. We observed dis-
crepancies for monovalent ions, which was expected in
absence of saturation in the experimental data, as well
as for divalent ions, which was less expected since the
saturation is observed experimentally. For I ≤ 100 mM,
fits of LP using the OSFM equation was equivalently
inadequate for monovalent and divalent ions. We then
employed the NO model on the entire I range, excluding
the very first points at low I that may be partially biased
due to possible plastic tube contamination (see SM) but
could strongly contribute to the fit due to their high LP
value, exceeding 100 nm. For the divalent ions, we ob-
served extremely good adjustments of LP (I) by the NO
fits. For monovalent ions, the NO fits also seem visually
reasonable for 1 ≤ I ≤ 30 mM; however, the fitting val-
ues for RDNA are only half the expected size of 1 nm. To
circumvent this discrepancy as well as the poor fitting at
high salt, we considered the TS analytical formula [27],
which considerably improved the LP (I) fit as observed
in Fig. 2. Note that the fitted value L0P = 41 nm is the
same for the 3 metallic ions and RDNA is almost con-
stant, between 0.85 and 1 nm. The strong agreement
at high I comes from the precise expression of ξeff at
large ionic strength [32]. The variational theory, on the
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Figure	 5:	 Theoretical	 prediction	 of	 the	 influence	 of	 the	 temperature	 on	 the	 persistence	 length	 for	 various	 ionic	
strengths	(# = 0.001; 0.004; 0.01; 0.1; 1	M	from	top	to	bottom).	The	dashed	curve	is	the	infinite	I	limit	showing	the	
non	electrostatic	contribution	!"? = + /01.	
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FIG. 3: Theoretical prediction of the influence of the
temperature T on LP for monovalent ions and I =
0.001; 0.004; 0.01; 0.1; 1 M from top to bottom. The dashed
curve is the infinite I limit showing the non electrostatic con-
tribution L0P = K/(kBT ).
other hand, looks for the optimized formula α(κRDNA)
for the whole I range, at the expense of this high preci-
sion for large I. It is clearly sufficient for divalent ions
(for which no TS formula exist) but not for monovalent
ones. In particular the NO approach does not perfectly
fit the monovalent salt data because its limiting behavior
at high I is, by construction, the OSF formula. For the
TMA+ and TEA+ ions the value of LP0 is slightly higher
(51 and 47 nm, respectively), which could be correlated
to their large size (see SM Table 1).
On the basis of the TS theory, we can also explore
the combined effects of the temperature T and the ionic
strength I on LP on structurally intact dsDNA. In a
previous work, the effect of the temperature has been
measured experimentally at fixed physiological salt con-
ditions I = 160 mM [33]. It has been shown that LP
decreases as 1/T as expected from the simple formula
valid for neutral worm-like chains L0P = K/(kBT ). How-
ever, not only the bare persistence length L0P but also
the electrostatic contribution depends on T , since en-
tropic effects control the ionic screening of the dsDNA.
Hence using our fitting values obtained at T = 20◦C, we
plotted LP (T ) for various I in Fig. 3. We observed that
for I ≥ 100 mM the electrostatic contribution is small as
compared to L0P . Therefore, we observe a 1/T law with
a shift of the curve to lower values when I increases. For
I < 4 mM, however, we predict a striking reversal with
LP increasing with T . New experiments exploring the
dependence of the LP as a function of T and I are there-
fore needed to check further the theoretical TS approach.
No influence of the size or the nature of the ions was
seen as the curves obtained with the three divalent ions
and the three metallic monovalent ions superimposed in
two unique curves. This complete superimposition pre-
vents us from considering as significant the slight changes
of dsDNA radius derived from the fits. The indepen-
dence of the ionic-strength variation of LP with the ion
size, and our fitted values for RDNA ≈ 1 nm are in good
agreement with Gebala and coworkers’ results [34]. They
showed that the atmosphere occupancy around dsDNA
by monovalent ions did not depend on the ion size across
the monovalent metallic ions except for Li+[34], for which
we only observe a slight reduction as compared to the
other monovalent metallic ions. These two distinct ap-
proaches thus support the same view of an identical be-
havior for various metallic monovalent ions with different
sizes. Therefore, in timescales of seconds, the difference
in the ion binding sites along the DNA tube [35] and res-
idence times [36] measured between Na+ and K+ using
molecular dynamic simulations of tens of nanoseconds,
fades away.
Concerning alkyl ammonium ions, their significantly
higher L0P suggests that their 3 to 4 times wider ion size
precludes a sufficiently large density of ions in the close
proximity of dsDNA to completely screen the electro-
static interactions even at large I. The capacity of these
ions to easily dehydrate due to their disorganized hydra-
tion shell and consequently enter the dsDNA groves, as
predicted by molecular dynamic simulations [37], is in-
sufficient to ensure an efficient screening of the dsDNA
charges. Hydrated divalent metallic ions such as Mg2+
were predicted to exhibit a much more localized distribu-
tion than Na+ and K+ and spend long resident times of
a few nanoseconds within the dsDNA tube [36]; yet, we
did not measure any impact on the fitted RDNA value.
Surprisingly, Put2+ behaves as metallic divalent ions in
spite of its long linear structure. This is at odds with
what was found to describe thermal DNA denaturation
in presence of Put2+ [30] [43].
The great efficiency of NO and TS theories comes
from the consideration of non-linear electrostatic terms
and of the finite radius of dsDNA. It suggests that
they could be also valid for other polyelectrolytes.
For hyaluronic acid (HA) in the presence of Na+ in
stretching experiments with magnetic tweezers [38],
LP decreases following LP = L
0
P + Const.I
−δ with
δ = 0.65 at low salt to be compared with our value of
0.75, while HA is much more flexible than DNA, with
L0P about 10 times shorter than the dsDNA one, and
bears a reduced charge density of 1 e/nm for HA vs
6 e/nm for dsDNA. The use of NO and TS theories
to finely model the flexibility of biopolymers such as
single stranded RNA [39] or chromatin fibres should be
extremely useful for the elucidation of gene expression
and 3D organization of chromosomes [40] and for the
control of the shape of nucleic acid nanostructures [41].
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MATERIAL AND METHODS
HT-TPM experimental procedure
The DNA sample was produced by polymerase chain reaction amplification (oligonucleotides from Sigma-Aldrich)
using oligos Biot-F1201 5-CTGGTGAGTACTCAACCAAG-3 and Dig-R1201 5- CTACAATCCATGCCAACC-3’ on
pTOC1 plasmid. We use a similar HT-TPM procedure as published in [1]. In brief, coverslips are epoxydized, then
micro-contact printed with neutravidin (Invitrogen) to form a square array of isolated spots of about 800 nm size
separated by about 3 µm. The coverslip is assembled with a drilled PEGylated glass slide and, a silicone spacer
that forms fluidic channels of about 15 µL. The internal surface of the chamber is passivated during 10 min with
the zero-salt-buffer composed of 1 mM HEPES set at pH 7.3 by addition of NaOH, pluronic F127 1 mg/mL and
BSA 0.1 mg/mL (Sigma-Aldrich). A 1:1 mix of 50 pM DNA and 300 nm-sized polystyrene particles (Merck) coated
with anti- digoxigenin (Roche) is incubated during 30 min at 37 C and is injected in the channels for an overnight
incubation.
The channel under study was extensively rinsed (∼ 100 chamber volumes) with the zero-salt-buffer, then with
X-salt-buffer composed of the zero-salt-buffer supplemented with various concentrations of X ions (SM Tables IV and
V). The salts employed are NaCl (Normapur VWR), KCl (60128 Sigma), tetramethylammonium chloride denoted
by TMA+ (87718 Sigma), tetraethylammonium chloride denoted by TEA+ (T2265 Sigma), MgCl2 (M1028 Sigma),
CaCl2 (C5080 Sigma-Aldrich), putrescine dihydrochloride denoted by Put
2+ (P7505 Sigma). More precisely, after
addition of X-salt-buffer, the channel was left to incubate for 4 min, the acquisition was performed and the channel
was again extensively rinsed (∼ 100 chamber volumes) with the zero-salt-buffer before any new salt condition was
applied. Channels under examination underwent first an increase in concentration of monovalent ions then of divalent
ion concentration or only one of the two types of salt. We ensured the reliability of the experimental procedure
by checking the agreement between the two measurements in the zero-salt buffer obtained before the addition of
monovalent ions and before the addition of divalent ions. Experiments were repeated on different days to ensure the
reproducibility of our results. A few experiments with TMA+ were performed using PEGylated coverslips. This was
done by an overnight silanization of the glass with (3-Mercaptopropyl)trimethoxysilane (Sigma-Aldrich) followed by
the injection of a 10:1 mix of PEG-maleimide and Biotin-PEG-maleimide (Sigma-Aldrich) in HEPES 10 mM pH 7.
These surfaces were patterned by microcontact printing as described above. All the employed buffers were similar
to the zero-salt-buffer or X-salt-buffer except for their deprivation in pluronic. We measured the overnight change
in conductivity of a water solution when stored in a plastic tube to be equal to 10 µS/cm which corresponds to a
change of about 0.28 mM considering that the ionic strength depends linearly with the conductivity for this very
dilute solution [2]. We selected this value as the uncertainty on the ionic strength.
The acquisitions are performed on a dark-field microscope, Zeiss Observer200 with a x32 objective, equipped with
a CMOS camera Hitachi FM200WCL (pixel size = 5.5 µm) and a temperature-controlled stage set at 25◦C, Thermo
Plate (Tokai Hit). Videos of 1 min were acquired at 100 Hz with an exposure time Tex = 10 ms. The centroid
calculation-based particle tracking gives access to the 2D particle trajectories. Then, are calculated the anchoring
points of the DNA-tethered particles, the instantaneous projected 2D distances of these DNA-tethered particles to
their anchoring point, the symmetry factors as in [3] and finally the root-mean-square of this distance, denoted by
Rexp||raw, determined over a sliding window of 2 s.
Data analysis
Rexp||raw is processed according to the procedure described in detail in [4]. In summary, DNA-particle complexes
that do not respect the criteria of validity, due in particular to aberrant Rexp||raw and out of range symmetry factor (for
2example induced by a stuck particle or a particle tethered by more than 1 DNA molecule), are discarded. Then the
relaxation time τ|| is extracted from the correlation function in X and Y positions as described in [8]. Correction from
the detector-averaging blurring effect is performed considering Tex and τ|| to obtain Rexp||. At last, the experimental
value of Rexp|| of an ensemble of particles is calculated as the mean value of the distribution and the error on Rexp||
of an ensemble of particles are obtained by using the bootstrap method of R software (R Foundation for Statistical
Computing, Vienna, Austria). The persistence length, LP , was extracted from Rexp|| using the calibration curve
obtained by exact sampling simulation as published in [7].
Ions studied in this work
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Table	1:	Radius	of	the	chosen	ions	(37,	38).	
Ion	 Radius	(nm)	
Li+	 0.071	
Na+	 0.097	
K+	 0.141	
	
TMA+		[	(CH₃)₄N⁺	]		 0.347	
	
TEA+			[	(C2H5)₄N⁺	]					
0.400	
Mg2+	 0.070	
Ca2+	 0.103	
	
Put2+	[NH3⁺(CH2)₄NH3⁺	]			 -	
	
	 	TABLE I: Radii of the chosen ions [5, 6].
BUFFER AND pH CONDITIONS
In Ref. [7], the use of a phosphate buffer composed of 1 mM KH2PO4 and 3 mM Na2HPO4 had led to a minimal ionic
strength I = 10.5 mM when no salt is added. Although biologically relevant, the phosphate buffer, which operates
inside cells, has a weak buffering capacity. We could not decrease its concentration and keep a stable neutral pH
(see SM Fig. 1A). Indeed, we became aware that, even at the initial concentration of phosphate buffer, pH decreased
when ions were added. This occurred slightly in the case of monovalent ions but quite dramatically in the case of
divalent ions at concentrations above 0.5 M. We therefore changed the buffer to an HEPES buffer at 1 mM pH 7.4
with buffering capacities that we verified to be maintained even at high concentrations of divalent ions (SM Fig. 1A).
We verified that, in this new buffer condition, the amplitudes of motion Rexp‖ measured in presence of Na+ and
Mg2+ at low I were in good agreement with the previously published data of Ref. [7], though a few nanometers
higher (SM Fig. 2 Left). This slight increase in Rexp‖ presumably arises from an improvement in the correction of
the detector-time-averaging effect on Rexp‖ as, in these series of experiments, the acquisition time was reduced from
40 to 10 ms [8].
We measured that decreasing the pH of a 1 mM HEPES buffer from 7 to 6 results in the decrease of Rexp‖ by 10 nm.
Below pH 6, Rexp‖ collapses, which is followed by massive apparent immobilization of the DNA-particles complexes
at pH 5.5 (SM Fig. 1B). This collective immobilization was found to be reversible with a return to neutral conditions
(SM Fig. 1B). As expected, the strong decrease in Rexp‖ observed in Ref. [7] between 10 ≤ I ≤ 15 mM with Mg2+ is
now absent. This stems from the binding competition of Mg2+ against monovalent ions of the phosphate buffer. A
similar bias might appear here for 0.5 ≤ I ≤ 0.75 mM, we thus excluded these points from any fit.
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SUPPLEMENTAL	INFORMATION:	
	
SI	Figure	1:	Causes	and	consequences	of	pH	changes.	(A)	pH	decrease	with	the	ion	concentration	in	phosphate	buffer	
(1	mM	KH2PO4	and	3	mM	Na2HPO4)	and	HEPES	(1	mM).	(B)	change	in	R!"#∥	as	a	function	of	pH	in	solutions	
composed	of	1	mM	HEPES	buffer	and	NaOH	to	adjust	pH	on	epoxydized	coverslips	(filled	circles),	and	on	PEGylated	
coverslips	(empty	circles).	The	red	filled	circle	represents	the	R!"#∥	value	measured	at	pH7.35	on	a	DNA	sample	that	
had	been	previously	submitted	to	pH5.5.	It	shows	the	reversibility	of	the	apparent	immobilization	caused	by	low	pH.		
	 	
FIG. 1: Causes and consequences of pH changes. (A) pH decreases with the ion concentration in phosphate buffer (1 mM
KH2PO4 and 3 mM Na2HPO4) and HEPES (1 mM). (B) Change in Rexp|| as a function of pH in solutions composed of 1 mM
HEPES buffer and NaOH to adjust pH on epoxydized coverslips (filled circles), and on PEGylated coverslips (empty circles).
The red filled circle represents the Rexp|| value measured at pH 7.35 on a DNA sample that had been previously submitted to
pH 5.5. It shows the reversibility of the apparent immobilization caused by low pH.
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SI	Figure	2:	Influence	of	the	concentrations	of	metallic	ions	on	the	amplitude	of	motion	of	300	nm-sized	particle	
tethered	by	1201	bp	DNA.	
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Figure	1:	Influence	of the	concentrations	of	ions	on	the	amplitude	of	motion	of	300	nm-sized	particle	tethered	by	
1201	bp	DNA.	
	
	 	
FIG. 2: Influence of the concentrations of ions on the amplitude of motion of 300 nm-sized particle tethered by 1201 bp DNA.
Left: metallic ions only and comparison with Ref. [7]. Right: all ions.
PASSIVATION OF THE BIOCHIP SURFACE
In the case of divalent ions, Rexp‖ values are extremely similar for both metallic ions and Put2+. In presence of
TMA+ and TEA+, they are significantly higher than those obtained with metallic monovalent ions. We wondered
whether it could stem from a loss of free ions consecutive to their partial encapsulations into micelles of copolymers
used to passivate the biochip surface. To test this possible bias, we repeated the experiments on PEGylated surfaces
in absence of any copolymer. We observed that Rexp‖ was very little changed in the case of TMA+ but was notably
reduced for TEA+ especially at low ionic strength, which could be explained by the presence of additional TEA+ that
are not trapped by the copolymer (SM Fig. 3). In this work, we only consider the results obtained with TMA+ and
TEA+ on PEGylated biochip surfaces.
Optimizing conditions for this extended study on the influence of I on LP , we became aware of the sensitivity of our
measurements with pH and the resulting necessity to control it tightly (see above). We were particularly challenged
by the fall of Rexp‖ when the pH was observed to drop below 6.0 in 1 mM HEPES buffer. This fall could be due to
technical biases or reveal DNA modifications. The passivating coating of the surface was not involved as adsorbed
PEG copolymer or grafted PEG gave the same fall but we cannot exclude the onset of unspecific binding of dsDNA to
the antibody-coated particles with acidic pH. The dsDNA itself could undergo structural changes that could increase
the apparent flexibility of dsDNA. We could not detect any pH-driven dsDNA denaturation in UV spectrometry. Our
observation may be related to the protonation at acidic pH of the cytosines. These changes in the protonation state
are known to allow the formation of i-motif or triplex [10], it could also induce a reduction in the internal electrostatic
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SI	Figure	3:	Influence	of	the	concentration	of	TMA+	and	TEA+	on	the	amplitude	of	motion	of	300	nm-sized	particle	
tethered	by	1201	bp	DNA	in	presence	of	a	passivating	layer	made	of	adsorbed	copolymer	(orange	triangles)	or	a	
grafted	PEG	layer	(orange	triangles	with	black	outline).	
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SI	Figure	3:	Influence	of	the	concentration	of	TMA+	and	TEA+	on	the	amplitude	of	motion	of	300	nm-sized	particle	
tethered	by	1201	bp	DNA	in	presence	of	a	passivating	layer	made	of	adsorbed	copolymer	(orange	triangles)	or	a	
grafted	PEG	layer	(orange	triangles	with	black	outline).	
	
	 	FIG. 3: Influence of the concentration of TMA+ (Left) and TEA+ (Right) on the amplitude of motion of 300 nm-sized particle
tethered by 1201 bp DNA in presence of a passivating layer made of adsorbed copolymer (orange triangles) or a grafted PEG
layer (orange triangles with black outline).
repulsion of our 50%-GC-rich DNA sample and contribute to this dramatic fall.
ADDITIONAL FIGURES AND TABLES
4	
	
SI	Figure	4:	Influence	of	the	addition	of	divalent	ions	such	as	Mg2+	on	dsDNA	persistence	length.		
	 	
FIG. 4: Influence of the addition of divalent ions such as Mg2+
on dsDNA persistence length.
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SI	Figure	5:	influence	of	Na+	on	dsDNA	persistence	length:	comparison	of	our	experimental	data	(empty	circles)	with	
simulation	results	obtained	by	Savelyev	(filled	circle)	with	fitting	curves	corresponding	to	OSF	(black	line),	OSFM	
(black	dotted	line),	NO	(red	dotted	line)	and	TS	(red	line)	formulas.	
	 	
FIG. 5: Influence of Na+ on dsDNA persistence length: com-
parison of our experimental data (empty circles) with simula-
tion results obtained by Savelyev [9] (filled circle) with fitting
curves corresponding to OSF (black line), OSFM (black dotted
line), NO (red dotted line) and TS (red line) formulas.
[1] T. Plenat, C. Tardin, P. Rousseau, and L. Salome´, High-throughput single-molecule analysis of DNA-protein interactions
by tethered particle motion, Nucleic Acids Res. 40, e89 (2012).
[2] J.R. Rossum, Conductance Method for Checking Accuracy of Water Analyses, Anal. Chem. 21, 631 (1949).
[3] S. Blumberg, A. Gajraj, M.W. Pennington, and J.-C. Meiners, Three-Dimensional Characterization of Tethered Micro-
spheres by Total Internal Reflection Fluorescence Microscopy, Biophys. J. 89, 1272 (2005).
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Table	2:	Analysis	of	divalent	ions	results	using	the	fitting	function	of	the	OSF	and	OSFM	theories, !! = !!! + !!!	with	!!! 	as	the	only	free	parameter,	and	the	NO	fitting	function,	!! = !!! + ! !! !dsDNA! 	with	!!! 	and	!!"#$%	as	free	
parameters.	
	
	 	
	 	 	 Fixed	values	 Free	parameters	
(nm)	
	 Ions	 I	range	 C	 δ 		 β=2(1-δ)	 LpO	 !dsDNA	
OSF	 Mg2+	 >	0.1	M	 0.559	 1	 -	 45.7		 -	
Ca2+	 >	0.1	M	 0.559	 1	 -	 45.4		 -	
Put2+	 >	0.1	M	 0.559	 1	 -	 46.9		 -	
OSFM		 Mg2+	 [0.0009	M	;0.1	M]	 0.008	 1	 -	 53.6		 -	
Ca2+	 [0.0009	M	;0.1	M]	 0.008	 1	 -	 53.8		 -	
Put2+	 [0.0009	M	;0.1	M]	 0.008	 1	 -	 57.4		 -	
NO	 Mg2+	 >	0.0009	M	 0.238	 0.636	 0.728	 47.1		 1.05		
	 Ca2+	 >	0.0009	M	 0.238	 0.636	 0.728	 46.0		 1.20		
	 Put2+	 >	0.0009	M	 0.238	 0.636	 0.728	 46.2		 1.57		
TABLE II: Analysis of divalent ions results using the fitting function of the OSF and OSFM theories, LP = L
0
P + C/I
δ with
L0P as the only free parameter, and the NO fitting function, LP = L
0
P + C/I
δRβDNA with L
0
P and RDNA as free parameters.
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Table	3	:	Analysis	of	monovalent	ion	results	using	the	fitting	function	of	the	OSF	and	OSFM	theories, !! = !!! + !!!	
with	!!! 	as	the	only	free	parameter,	the	NO	fitting	function	!! = !!! + ! !! !dsDNA! 	with	!!! 	and	!!"#$%	as	free	
parameters,	and	the	TS	fitting	function	(see	text).	
	 	 	 Fixed	values	 Free	parameters	(nm)	
	 Ions	 I	range	 C	 δ 		 β=2(1-δ)	 Lp0	 !!"#$%	
OSF	 Li+	 >	0.1	M	 0.559	 1	 -	 44.1	 	
	 Na+	 >	0.1	M	 0.559	 1	 -	 47.3	 	
	 K+	 >	0.1	M	 0.559	 1	 -	 46.2	 	
	 TMA+	PEG	 >	0.1	M	 0.559	 1	 -	 56.4	 	
	 TEA+	PEG	 >	0.1	M	 0.559	 1	 -	 52.5	 	
OSFM	 Li+	 [0.0009	M	;0.1	M]	 0.033	 1	 -	 60.0	 	
	 Na+	 [0.0009	M	;0.1	M]	 0.033	 1	 -	 63.8	 	
	 K+	 [0.0009	M	;0.1	M]	 0.033	 1	 -	 66.4	 	
	 TMA+	PEG	 [0.0009	M	;0.1	M]	 0.033	 1	 -	 73.2	 	
	 TEA+	PEG	 [0.0009	M	;0.1	M]	 0.033	 1	 -	 65.1	 	
NO	 Li+	 >	0.0009	M		 0.404	 0.755	 0.490	 50.8		 0.48		
	 Na+	 >	0.0009	M		 0.404	 0.755	 0.490	 52.5		 0.58		
	 K+	 >	0.0009	M		 0.404	 0.755	 0.490	 51.1		 0.76		
	 TMA+	PEG	 >	0.0009	M		 0.404	 0.755	 0.490	 61.1		 0.50		
	 TEA+	PEG	 >	0.0009	M		 0.404	 0.755	 0.490	 57.7		 0.36		
Trizac	 Li+	 >	0.0009	M		 	 	 	 41	 1	
	 Na+	 >	0.0009	M		 	 	 	 41	 0.85	
	 K+	 >	0.0009	M		 	 	 	 41	 0.8	
	 TMA+	PEG	 >	0.0009	M		 	 	 	 51	 0.95	
	 TEA+	PEG	 >	0.0009	M		 	 	 	 47	 1.1	
	 	
TABLE III: Analysis of monovalent ion results using the fitting function of the OSF and OSFM theories, LP = L
0
P + C/I
δ
with L0P as the only free parameter, the NO fitting function LP = L
0
P +C/I
δRβDNA with L
0
P and RDNA as free parameters, and
the TS fitting function (see main text).
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SI	Table	1:	Results	obtained	with	the	monovalent	ions	
[Li+]	(mM)	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 Lp(nm)	 SD(Lp)	
0	 0,0005	 2179	 247,72	 0,25	 102,10	 0,52	
0,5	 0,001	 2629	 246,40	 0,27	 99,35	 0,56	
1	 0,0015	 2341	 241,78	 0,25	 90,22	 0,47	
2,5	 0,003	 2051	 233,76	 0,21	 76,17	 0,34	
5	 0,0055	 1759	 229,44	 0,29	 69,57	 0,42	
10	 0,0105	 1535	 222,91	 0,26	 60,83	 0,31	
15	 0,0155	 1814	 221,18	 0,25	 58,77	 0,29	
20	 0,0205	 1705	 221,17	 0,27	 58,75	 0,32	
25	 0,0255	 1692	 219,61	 0,24	 56,99	 0,26	
30	 0,0305	 1672	 217,80	 0,24	 55,05	 0,25	
40	 0,0405	 1418	 217,65	 0,28	 54,89	 0,29	
50	 0,0505	 1397	 214,94	 0,25	 52,23	 0,24	
100	 0,1005	 690	 211,06	 0,44	 48,86	 0,35	
155	 0,1555	 775	 212,15	 0,45	 49,75	 0,37	
500	 0,5005	 508	 210,53	 0,55	 48,43	 0,43	
1500	 1,5005	 616	 204,33	 0,61	 44,28	 0,34	
3000	 3,0005	 612	 202,79	 0,55	 43,46	 0,28	
6000	 6,0005	 613	 195,48	 0,48	 40,72	 0,12	
[Na+]	(mM)	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 lp(nm)	 SD(lp)	
0	 0,0005	 890	 252,23	 0,31	 111,95	 0,70	
0,5	 0,001	 880	 250,29	 0,29	 107,63	 0,64	
5	 0,0055	 851	 232,05	 0,28	 73,48	 0,43	
15	 0,0155	 790	 223,21	 0,29	 61,20	 0,36	
25	 0,0255	 779	 222,43	 0,28	 60,25	 0,34	
40	 0,0405	 649	 219,52	 0,30	 56,90	 0,33	
100	 0,1005	 600	 216,78	 0,32	 54,01	 0,33	
500	 0,5005	 660	 212,26	 0,30	 49,84	 0,25	
3000	 3,0005	 573	 205,11	 0,32	 44,73	 0,19	
[K+]	(mM)	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 lp(nm)	 SD(lp)	
0	 0,0005	 2568	 251,98	 0,27	 111,39	 0,61	
0,5	 0,001	 1652	 251,19	 0,25	 109,61	 0,55	
1	 0,0015	 3096	 246,53	 0,16	 99,61	 0,34	
2,5	 0,003	 1756	 240,07	 0,20	 87,04	 0,37	
5	 0,0055	 2416	 232,91	 0,17	 74,82	 0,27	
10	 0,0105	 1124	 226,26	 0,28	 65,12	 0,38	
15	 0,0155	 1140	 221,79	 0,30	 59,48	 0,36	
20	 0,0205	 618	 219,42	 0,31	 56,79	 0,34	
25	 0,0255	 1172	 217,62	 0,26	 54,87	 0,27	
30	 0,0305	 1196	 219,71	 0,26	 57,10	 0,29	
40	 0,0405	 792	 218,63	 0,45	 55,93	 0,48	
50	 0,0505	 1132	 216,25	 0,30	 53,48	 0,30	
100	 0,1005	 1134	 214,81	 0,24	 52,10	 0,23	
155	 0,1555	 1086	 212,95	 0,25	 50,43	 0,22	
500	 0,5005	 1185	 210,31	 0,28	 48,27	 0,22	
1500	 1,5005	 1022	 207,24	 0,26	 46,06	 0,17	
3000	 3,0005	 956	 205,21	 0,28	 44,79	 0,17	
	
	
[TMA+]	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 lp(nm)	 SD(lp)	
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[TMA+]	
(mM)	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 lp(nm)	 SD(lp)	
0	 0,0005	 1774	 253,03	 0,28	 113,78	 0,63	
0,5	 0,001	 1044	 248,49	 0,33	 103,71	 0,70	
1	 0,0015	 1882	 245,30	 0,26	 97,11	 0,52	
2,5	 0,003	 912	 239,39	 0,22	 85,80	 0,40	
5	 0,0055	 1788	 235,62	 0,22	 79,24	 0,37	
10	 0,0105	 1176	 230,14	 0,27	 70,60	 0,39	
15	 0,0155	 1002	 226,55	 0,29	 65,52	 0,39	
20	 0,0205	 1030	 224,82	 0,30	 63,23	 0,39	
25	 0,0255	 1089	 225,76	 0,31	 64,46	 0,42	
30	 0,0305	 810	 222,25	 0,33	 60,03	 0,39	
40	 0,0405	 941	 224,17	 0,38	 62,40	 0,48	
50	 0,0505	 1055	 223,28	 0,33	 61,29	 0,40	
100	 0,1005	 1101	 223,36	 0,40	 61,39	 0,49	
155	 0,1555	 1606	 224,47	 0,24	 62,78	 0,31	
300	 0,3005	 823	 227,24	 0,27	 66,45	 0,37	
500	 0,5005	 1653	 224,13	 0,26	 62,35	 0,33	
700	 0,7005	 982	 223,89	 0,22	 62,05	 0,27	
1500	 1,5005	 1592	 216,17	 0,27	 53,41	 0,26	
3000	 3,0005	 972	 209,25	 0,34	 47,46	 0,25	
[TMA+]	
PEG	(mM)	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 lp(nm)	 SD(lp)	
0	 0,0005	 1117	 253,70	 0,32	 115,32	 0,75	
0,5	 0,001	 1324	 250,70	 0,26	 108,53	 0,58	
1	 0,0015	 1134	 248,73	 0,25	 104,24	 0,53	
2,5	 0,003	 1118	 240,96	 0,25	 88,68	 0,47	
5	 0,0055	 917	 235,82	 0,32	 79,56	 0,54	
10	 0,0105	 866	 231,87	 0,29	 73,21	 0,45	
15	 0,0155	 583	 230,51	 0,30	 71,14	 0,44	
25	 0,0255	 856	 228,56	 0,30	 68,30	 0,42	
40	 0,0405	 832	 225,44	 0,32	 64,04	 0,41	
100	 0,1005	 793	 224,74	 0,34	 63,13	 0,44	
300	 0,3005	 893	 222,65	 0,26	 60,51	 0,32	
500	 0,5005	 901	 220,95	 0,32	 58,50	 0,37	
700	 0,7005	 572	 218,74	 0,34	 56,05	 0,37	
1500	 1,5005	 573	 213,99	 0,36	 51,36	 0,32	
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[TEA+]	
(mM)	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 lp(nm)	 SD(lp)	
	  
R||	old	 lp	(old)	
	
DeltaR||	 DeltaLp	
	  0	 0,0005	 3488	 251,91	 0,20	 111,23	 0,44	
	  
246,047366	 93,5937999	
	
5,865105	 17,63677	
	  0,5	 0,001	 1689	 253,82	 0,24	 115,60	 0,56	
	  
248,787584	 99,0776524	
	
5,034571	 16,52223	
	  1	 0,0015	 3905	 249,47	 0,17	 105,83	 0,37	
	  
244,110487	 89,9370745	
	
5,356981	 15,88891	
	  2,5	 0,003	 2916	 239,71	 0,17	 86,38	 0,30	
	  
234,86	 74,7285015	
	
4,852362	 11,65262	
	  5	 0,0055	 3583	 240,61	 0,16	 88,02	 0,30	
	  
235,384714	 75,499876	
	
5,222904	 12,52458	
	  10	 0,0105	 1274	 239,37	 0,22	 85,75	 0,39	
	  
234,234945	 73,8227115	
	
5,131092	 11,93035	
	  15	 0,0155	 1906	 234,18	 0,17	 76,86	 0,28	
	  
225,653288	 62,6923508	
	
8,527373	 14,16763	
	  20	 0,0205	 1774	 232,21	 0,16	 73,73	 0,24	
	  
227,13929	 64,4596244	
	
5,069989	 9,270511	
	  25	 0,0255	 1861	 233,33	 0,23	 75,49	 0,37	
	  
228,207598	 65,7687015	
	
5,123784	 9,725968	
	  30	 0,0305	 1511	 227,60	 0,20	 66,95	 0,27	
	  
222,645963	 59,2936451	
	
4,954173	 7,658712	
	  40	 0,0405	 1836	 224,95	 0,24	 63,40	 0,31	
	  
220,208301	 56,6974055	
	
4,741137	 6,699616	
	  50	 0,0505	 1729	 224,54	 0,26	 62,87	 0,34	
	  
218,084857	 54,5388336	
	
6,457858	 8,334793	
	  100	 0,1005	 1359	 224,03	 0,19	 62,22	 0,23	
	  
219,130294	 55,5902698	
	
4,896214	 6,627552	
	  155	 0,1555	 1567	 218,10	 0,20	 55,37	 0,21	
	  
213,43889	 50,1000603	
	
4,665275	 5,272562	
	  200	 0,2005	 1291	 216,79	 0,27	 54,02	 0,27	
	  
212,352696	 49,1100202	
	
4,435434	 4,911057	
	  300	 0,3005	 1201	 211,86	 0,33	 49,51	 0,27	
	  
207,592398	 44,9335292	
	
4,272352	 4,578119	
	  [TEA+]	
PEG	(mM)	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 lp(nm)	 SD(lp)	
	  
R||	old	 lp	(old)	
	
DeltaR||	 DeltaLp	
	  0	 0,0005	 2029	 249,43	 0,24	 105,75	 0,53	
	  
244,527088	 90,7087242	
	
4,903961	 15,03837	
	  0,5	 0,001	 2713	 247,94	 0,21	 102,56	 0,45	
	  
242,72547	 87,4288311	
	
5,213407	 15,12638	
	  1	 0,0015	 419	 241,17	 0,51	 89,07	 0,96	
	  
236,2	 76,7186959	
	
4,969495	 12,35171	
	  2,5	 0,003	 588	 233,96	 0,36	 76,50	 0,57	
	  
228,89	 66,6224539	
	
5,068812	 9,878404	
	  5	 0,0055	 2234	 231,95	 0,24	 73,32	 0,37	
	  
227,129879	 64,4482388	
	
4,816834	 8,875478	
	  10	 0,0105	 579	 225,65	 0,45	 64,31	 0,60	
	  
221,07	 57,6000116	
	
4,580961	 6,713612	
	  15	 0,0155	 514	 223,16	 0,48	 61,14	 0,60	
	  
217,957974	 54,4126559	
	
5,200328	 6,723564	
	  20	 0,0205	 2031	 225,12	 0,23	 63,62	 0,30	
	  
220,870207	 57,3892994	
	
4,25279	 6,232862	
	  40	 0,0405	 1882	 224,30	 0,27	 62,56	 0,34	
	  
220,076185	 56,5604239	
	
4,219525	 5,998216	
	  155	 0,1555	 1591	 220,14	 0,31	 57,58	 0,34	
	  
216,239233	 52,7324125	
	
3,898299	 4,849671	
	  300	 0,3005	 1327	 215,21	 0,34	 52,48	 0,32	
	  
211,895388	 48,6978433	
	
3,317087	 3,786166	
	  	 	
TABLE IV: Results obtained with the monovalent ions.
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SI	Table	2:	results	obtained	with	the	divalent	ions	
[Mg2+]	(mM)	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 lp(nm)	 SD(lp)	
0	 0,0005	 541	 251,97	 0,51	 111,36	 1,16	
0,25	 0,00125	 592	 226,21	 0,39	 65,06	 0,52	
0,75	 0,00275	 480	 218,84	 0,39	 56,16	 0,42	
2	 0,0065	 483	 215,95	 0,33	 53,19	 0,32	
10	 0,0305	 447	 211,64	 0,34	 49,32	 0,28	
50	 0,1505	 433	 210,17	 0,45	 48,16	 0,35	
250	 0,7505	 362	 209,89	 0,38	 47,95	 0,29	
[Ca2+]	(mM)	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 lp(nm)	 SD(lp)	
0	 0,0005	 4878	 249,37	 0,19	 105,62	 0,41	
0,075	 0,000725	 1825	 236,85	 0,25	 81,32	 0,43	
0,15	 0,00095	 2541	 230,84	 0,22	 71,64	 0,33	
0,25	 0,00125	 1792	 223,44	 0,25	 61,49	 0,31	
0,5	 0,002	 1631	 221,92	 0,29	 59,64	 0,35	
0,75	 0,00275	 1588	 219,41	 0,28	 56,77	 0,30	
1	 0,0035	 1339	 217,97	 0,33	 55,23	 0,34	
2	 0,0065	 1525	 214,22	 0,26	 51,56	 0,24	
5	 0,0155	 1505	 211,47	 0,28	 49,18	 0,22	
10	 0,0305	 1531	 210,68	 0,33	 48,56	 0,26	
20	 0,0605	 1453	 211,57	 0,25	 49,27	 0,21	
50	 0,1505	 1414	 208,44	 0,26	 46,89	 0,19	
100	 0,3005	 1493	 207,70	 0,32	 46,37	 0,22	
250	 0,7505	 1474	 207,62	 0,28	 46,32	 0,19	
500	 1,5005	 2247	 208,50	 0,23	 46,93	 0,17	
1000	 3,0005	 1295	 208,65	 0,29	 47,03	 0,21	
[Put2+]	(mM)	 I(M)	 particleNumber	 meanSample	 sdr.errorBOOT	 lp(nm)	 SD(lp)	
0	 0,0005	 2551	 248,10	 0,26	 102,90	 0,55	
0,075	 0,000725	 1940	 244,76	 0,26	 96,02	 0,53	
0,15	 0,00095	 3104	 234,63	 0,20	 77,59	 0,33	
0,25	 0,00125	 1969	 227,57	 0,17	 66,91	 0,24	
0,5	 0,002	 1712	 222,26	 0,20	 60,04	 0,24	
0,75	 0,00275	 1688	 219,76	 0,20	 57,16	 0,22	
1	 0,0035	 1675	 218,62	 0,20	 55,91	 0,22	
2	 0,0065	 1527	 216,19	 0,21	 53,43	 0,21	
5	 0,0155	 979	 213,91	 0,24	 51,28	 0,22	
10	 0,0305	 939	 212,80	 0,21	 50,30	 0,18	
20	 0,0605	 912	 212,20	 0,23	 49,79	 0,19	
50	 0,1505	 901	 211,08	 0,30	 48,87	 0,24	
100	 0,3005	 672	 212,20	 0,34	 49,79	 0,29	
250	 0,7505	 1074	 210,28	 0,33	 48,24	 0,25	
500	 1,5005	 1032	 209,22	 0,25	 47,45	 0,18	
	
	
	 TABLE V: Results obtained with the divalent ions.
14
